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In the cation of the title compound, [Ru(Ci5H 10 ClN 3 ) 2 ]Cl2-- 
2H 2 0, the metal atom exhibits a distorted octahedral 
coordination geometry provided by the N atoms of two 
tridentate terpyridine ligands. The ligands are approximately 
planar [maximum deviation = 0.156 (5) A] and form a dihedral 
angle of 87.0 (3)°. In the crystal, the cations, anions and water 
molecules are linked into a three-dimensional network by C— 
H ■ CI, C-H- ■ O and O-H- ■ CI hydrogen bonds. 

Related literature 

For the structures of the related hydrochloride tetra- 
fluoridoborate and hydrochloride hexafluoridophosphorate 
derivatives, see: Huang & Qian (2007a). For the structures of 
Ru", Cu 11 , Zn 11 , Ni", Fe", Cu 11 and Cd 11 complexes of 4'- 
chloro-2,2':6',2"-terpyridine, see: Beves et al. (2008); Huang & 
Qian (2007fo); Huang et al. (2009); You et al. (2008); You et al. 
(2009). 



Experimental 

Crystal data 

[Ru(Ci 5 H 10 ClN 3 ) 2 ]Cl 2 -2H 2 O 
M r = 743.42 
Orthorhombic, Pna2 1 
a = 10.1367 (5) A 
b = 16.2964 (7) A 
c = 17.8995 (8) A 

Data collection 

Bruker SMART CCD area-detector 

diffractometer 
Absorption correction: multi-scan 

(SADABS: Bruker, 2000) 
= 0.850, r max = 0.881 

Refinement 

R[F 2 > 2a(F 2 )} = 0.034 

wR(F 2 ) = 0.084 

S = 1.01 

5166 reflections 

389 parameters 

1 restraint 



Table 1 

Hydrogen-bond geometry (A, °). 



V = 2956.8 (2) A 3 
Z = 4 

Mo Ka radiation 
IX = 0.93 mm~' 
T = 291 K 

0.18 x 0.16 x 0.14 mm 



15880 measured reflections 
5166 independent reflections 
4736 reflections with / > 2a(l) 
R<„. = 0.069 



H-atom parameters constrained 
Ap max = 0.78 e A" 3 
Ap min = -0.42 e A" 3 
Absolute structure: Flack (1983), 

2475 Friedel pairs 
Flack parameter: 0.47 (3) 



D-H-A 




7J-H 


H-A 


D-A 


D-H-A 


C4-H4- ■ C14 


0.93 


2.68 


3.590 (5) 


169 


C12-H12- ■ 


■02' 


0.93 


2.57 


3.391 (6) 


148 


C15-H15- ■ 


■Ol" 


0.93 


2.48 


3.179 (7) 


132 


C16-H16- ■ 


■C14" 1 


0.93 


2.81 


3.498 (5) 


132 


C27-H27- ■ 


■Ol™ 


0.93 


2.60 


3.474 (7) 


158 


C28-H28- ■ 


■C14 iv 


0.93 


2.82 


3.686 (4) 


156 


C30-H30- ■ 


■02 u 


0.93 


2.54 


3.203 (6) 


128 


01-HL4- ■ 


C14 


0.85 


2.76 


3.231 (5) 


116 


Ol-HIB- ■ 


C14 v 


0.85 


2.68 


3.176 (4) 


118 


02-H2^- ■ 


C13 


0.85 


2.51 


3.156 (4) 


133 


02-H2B- ■ 


C13™ 


0.85 


2.58 


3.209 (4) 


132 


Symmetry codes: (i) — x 
(iv) -x + §, y - 1, z + 


+ |,y + |,24 
(v) x + 1 -y 


1; (li) -x + 1,- 
+ 1, z; (vi) x - A 


y + l.z + l; 
-y + i,z. 


-1, -y + \,r. 



Data collection: SMART (Bruker, 2000); cell refinement: SAINT 
(Bruker, 2000); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: RZ2748). 
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Acta Cryst. (2012). E68, m777-m778 [doi:10.1107/S1600536812021459] 

Bis(4 f -chloro-2,2 f :6 f r 2 ff -terpyridine-A: 3 N,N f ,N ff )mthenium(ll) dichloride 
di hydrate 

Ying Wang, Rui Jiao, Xiang-Lei Qiu, Jian Wang and Wei Huang 

Comment 

The crystal structures of the hydrochlorate tetrafluoroborate and hydrochlorate hexafluorophosphorate derivatives 
(Huang & Qian, 2007a) and of the Ru(II), Cu(II), Zn(II), Ni(II), Fe(II), Cu(II) and Cd(II) complexes (Huang & Qian, 
2001b; Beves et al, 2008; You et al, 2008; You et al, 2009; Huang et al, 2009) of 4'-chloro-2,2':6',2"-terpyridine with 
metal/ligand ratios of 1 : 1 and 1 :2 have been recently reported by our group. As a continuation of the research in this field, 
we report herein the crystal structure of a ruthenium(II) dichloride complex bearing the same 4'-chloro-2,2':6',2"- 
terpyridine ligand with a 1 :2 metal/ligand ratio. 

The asymmetric unit of the title compound consists of a dication of formula [Ru(Ci 5 HioN 3 Cl)2] 2+ , two chloride anions 
and two water molecules (Fig. 1). In the cation, the ruthenium(II) metal displays a distorted octahedral geometry where 
each 4'-chloro-2,2':6',2'-terpyridine molecule acts as a tridentate /wer-arranged N-ligand. The six Ru — N bond lengths 
(1.977 (3) — 2.079 (4) A) fall in the normal ranges of values. The two 4'-chloro-2,2':6',2"-terpyridine ligands are 
approximately planar (maximum deviation 0.156 (5) A for atom CI 3) and the dihedral angle between them is 87.0 (3)°. 
In the crystal structure, cations, anions and water molecules are linked into a three-dimensional network by C — H— CI, C 
— H O and O— H-Cl hydrogen bonds (Table 1). 

Experimental 

The title compound was obtained by refiuxing cw-[RuCl 2 (DMSO) 4 ] (0.121 g, 0.25 mmol) and 4'-chloro-2,2':6',2"- 
terpyridine (0.134 g, 0.50 mmol) in ethanol for 4 h [0.146 g; yield 78.4% based on Ru(II)]. Single crystals suitable for X- 
ray diffraction measurement were obtained after 10 days by slow evaporation of an ethanol/water solution (3:1 v/v) at 
room temperature in air. Elemental analysis: calculated for C 2 4H22RuN 6 B2F 8 : C 43.08, H 3.31, N 12.56%; found: C 43.29, 
H 3.62, N 12.34%. Main FT-IR absorptions (KBr plates, cm 1 ): 3423 (b, s), 1630 (s), 1591 (w), 1421 (m), 1385 (m), 1107 
(m), 1026 (w) and 793 (m). 

Refinement 

The H atoms were placed in geometrically idealized positions (C — H = 0.93 A and O — H = 0.85 A) and refined as riding 
atoms, with L r iS0 (H) =1.2 U eq (C) or 1.5 17^(0). The reported Flack parameter was obtained by TWIN/BASF procedure in 
SHELXL-97 (Sheldrick, 2008) 

Computing details 

Data collection: SMART (Bruker, 2000); cell refinement: SAINT (Bruker, 2000); data reduction: SAINT (Bruker, 2000); 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication: 
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Figure 1 

The asymmetric unit of the title compound with displacement ellipsoids drawn at the 30% probability level. 
Bis(4'-chloro-2,2':6',2"-terpyridine- « 3 iV,iV',iV")ruthenium(ll) dichloride dihydrate 

Crystal data 

[Ru(Ci5H 10 ClN3)2]Cl2-2H 2 O F(000) = 1496 

Mr = 743.42 £> x = 1.670 Mg nT 3 

Orthorhombic, Pna2\ Mo Ka radiation, 1 = 0.71073 A 

Hall symbol: P 2c -2n Cell parameters from 8095 reflections 

a = 10.1367 (5) A 6 = 2.3-27.6° 



-i 



b= 16.2964(7) A ft = 0.93 mm 

c= 17.8995 (8) A T=291K 

F= 2956.8 (2) A 3 Block, red 

Z = 4 0.18 x 0.16 x 0.14 mm 
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Data collection 

Broker SMART CCD area-detector 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
<p and co scans 

Absorption correction: multi-scan 

(SADABS; Broker, 2000) 
7^ = 0.850,7^ = 0.881 

Refinement 

Refinement on F 2 
Least-squares matrix: full 
RiF 1 > laiF 1 )] = 0.034 
wR(F*) = 0.084 
S = 1.01 

5166 reflections 
389 parameters 
1 restraint 

Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 



15880 measured reflections 
5 1 66 independent reflections 
4736 reflections with I > 2a(I) 
R mt = 0.069 

#max = 25.0°, 9 m i B = 1.7° 

h = -7— >12 
& = -19->19 
/ = -21-»20 



Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = ll[a\F a 2 ) + (0.0507P) 2 ] 

where P = (F 2 + 2F 2 )/3 
(A/<7) max = 0.001 
A/W = 0.78 e A" 3 
A/w = -0.42 e A" 3 

Absolute structure: Flack (1983), 2475 Friedel 
pairs 

Flack parameter: 0.47 (3) 



Special details 

Experimental. The structure was solved by direct methods and successive difference Fourier syntheses. 
Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a{F 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


TJ- *ITJ 


Rul 


0.29385 (2) 


0.487615 (16) 


0.79324 (2) 


0.03652 (10) 


Cll 


0.31009 (13) 


0.88127 (6) 


0.76928 (7) 


0.0702 (4) 


C12 


0.29576 (11) 


0.09346 (6) 


0.80920 (7) 


0.0620 (4) 


Nl 


0.4328 (4) 


0.5037 (2) 


0.7093 (2) 


0.0403 (8) 


N2 


0.2981 (3) 


0.60884 (17) 


0.7856(3) 


0.0387 (8) 


N3 


0.1519(3) 


0.52045 (18) 


0.87155 (19) 


0.0405 (7) 


N4 


0.1469 (3) 


0.4589 (2) 


0.71801 (18) 


0.0383 (7) 


N5 


0.2922 (3) 


0.36654 (16) 


0.8003 (3) 


0.0366 (7) 


N6 


0.4377 (4) 


0.46780 (19) 


0.8739 (2) 


0.0402 (8) 


CI 


0.4956 (4) 


0.4461 (3) 


0.6702 (2) 


0.0495 (10) 


HI 


0.4762 


0.3914 


0.6798 


0.059* 


C2 


0.5882 (5) 


0.4642 (3) 


0.6161 (3) 


0.0555 (12) 


H2 


0.6295 


0.4222 


0.5898 


0.067* 


C3 


0.6187 (4) 


0.5436 (3) 


0.6016 (3) 


0.0590 (12) 
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Atomic displacement parameters (A 2 ) 
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Cll 


0.0967 (8) 


0.0306 (5) 


0.0833 (11) 


-0.0047 (5) 


-0.0244 (7) 


0.0081 (5) 


C12 


0.0896 (8) 


0.0288 (4) 


0.0676 (10) 


0.0044 (5) 


0.0194 (6) 


0.0067 (5) 


Nl 


0.040 (2) 


0.0425 (19) 


0.039 (2) 


-0.0004(15) 


-0.0031 (16) 


0.0033 (15) 


N2 


0.0425 (15) 


0.0282 (14) 


0.045 (2) 


-0.0023 (11) 


-0.0037 (16) 


0.0026(18) 


N3 


0.0423 (18) 


0.0379 (19) 


0.0412(19) 


-0.0049 (14) 


-0.0018(15) 


0.0015 (14) 


N4 


0.0407 (17) 


0.0389 (17) 


0.0354 (18) 


-0.0009 (14) 


0.0011 (14) 


0.0015 (14) 


N5 


0.0437 (15) 


0.0285 (13) 


0.0377 (19) 


0.0032 (11) 


0.0077 (16) 


0.0027 (18) 


N6 


0.044 (2) 


0.0368 (16) 


0.040 (2) 


0.0002 (16) 


0.0019(15) 


0.0035 (16) 


CI 


0.049 (2) 


0.051 (3) 


0.049 (3) 


0.0090 (19) 


-0.004 (2) 


0.003 (2) 


C2 


0.045 (3) 


0.074 (3) 


0.047 (3) 


0.009 (3) 


0.001 (2) 


0.000 (3) 


C3 


0.044 (3) 


0.082 (4) 


0.050 (3) 


-0.003 (2) 


-0.004 (2) 


0.008 (3) 


C4 


0.047 (2) 


0.058 (3) 


0.043 (2) 


-0.0064 (19) 


-0.0035 (19) 


0.0075 (19) 


C5 


0.040 (2) 


0.041 (2) 


0.045 (2) 


-0.0038 (16) 


-0.0098 (18) 


0.0067 (17) 


C6 


0.043 (2) 


0.039 (2) 


0.043 (2) 


-0.0068 (17) 


-0.0092 (18) 


0.0042 (16) 


C7 


0.058 (3) 


0.039 (2) 


0.049 (3) 


-0.0110(19) 


-0.013 (2) 


0.0118(18) 


C8 


0.064 (3) 


0.0271 (18) 


0.055 (4) 


-0.0050(16) 


-0.020 (2) 


0.0069 (17) 


C9 


0.057 (3) 


0.037 (2) 


0.052 (2) 


0.0085 (18) 


-0.015 (2) 


-0.0036(18) 


CIO 


0.041 (2) 


0.034 (2) 


0.042 (2) 


0.0035 (15) 


-0.0067 (17) 


-0.0009 (16) 


Cll 


0.039 (2) 


0.047 (2) 


0.039 (2) 


0.0063 (16) 


-0.0065 (17) 


-0.0016(17) 


C12 


0.054 (3) 


0.054 (3) 


0.045 (3) 


0.005 (2) 


-0.004 (2) 


-0.0063 (19) 


C13 


0.052 (3) 


0.073 (3) 


0.050 (3) 


0.008 (2) 


0.004 (2) 


-0.017 (2) 


C14 


0.053 (4) 


0.082 (4) 


0.050 (3) 


-0.013 (3) 


0.009 (3) 


-0.002 (2) 


C15 


0.057 (3) 


0.047 (2) 


0.044 (3) 


-0.007 (2) 


0.000 (2) 


-0.002 (2) 


C16 


0.049 (3) 


0.043 (2) 


0.046 (3) 


0.0086 (19) 


0.002 (2) 


0.0062 (19) 


C17 


0.057 (3) 


0.060 (3) 


0.041 (3) 


0.013 (2) 


-0.007 (2) 


0.002 (2) 


C18 


0.047 (3) 


0.069 (3) 


0.044 (3) 


-0.004 (2) 


-0.004 (2) 


-0.006 (2) 


C19 


0.046 (2) 


0.049 (2) 


0.046 (2) 


-0.0081 (18) 


0.0012(19) 


-0.0030 (18) 


C20 


0.043 (2) 


0.039 (2) 


0.039 (2) 


0.0009 (16) 


0.0083 (17) 


-0.0016(16) 


C21 


0.042 (2) 


0.032 (2) 


0.041 (2) 


0.0008 (15) 


0.0046 (16) 


0.0014(16) 


C22 


0.049 (2) 


0.035 (2) 


0.051 (2) 


-0.0050 (16) 


0.0085 (18) 


-0.0046(18) 


C23 


0.059 (2) 


0.0281 (17) 


0.046 (3) 


0.0025 (16) 


0.0182(19) 


0.0032 (17) 


C24 


0.056 (2) 


0.041 (2) 


0.043 (2) 


0.0148(18) 


0.0087 (19) 


0.0076 (17) 


C25 


0.045 (2) 


0.0344 (19) 


0.035 (2) 


0.0035 (16) 


0.0074(17) 


0.0060 (15) 


C26 


0.042 (2) 


0.044 (2) 


0.037 (2) 


0.0072 (17) 


0.0027 (17) 


0.0048 (16) 


C27 


0.054 (3) 


0.051 (3) 


0.045 (2) 


0.010(2) 


0.0010(19) 


0.0077 (19) 


C28 


0.044 (3) 


0.081 (3) 


0.043 (3) 


0.011 (2) 


-0.0042 (19) 


0.002 (2) 


C29 


0.049 (3) 


0.068 (3) 


0.047 (3) 


-0.004 (2) 


-0.002 (2) 


-0.008 (2) 


C30 


0.045 (2) 


0.046 (3) 


0.051 (3) 


-0.0013 (19) 


0.001 (2) 


-0.003 (2) 


01 


0.094 (3) 


0.079 (3) 


0.100 (3) 


0.001 (2) 


0.011 (2) 


-0.014 (2) 


02 


0.109 (3) 


0.067 (2) 


0.109 (3) 


0.024 (2) 


0.035 (3) 


0.012 (2) 


C13 


0.0685 (7) 


0.0689 (8) 


0.0892 (10) 


-0.0103 (6) 


-0.0019 (7) 


-0.0065 (7) 
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C14 0.0767 (8) 


0.0468 (6) 0.0941 (10) 


-0.0041 (5) 0.0233 (7) 0.0034 (6) 


Geometric parameters (A, °) 


Rul— Nl 


2.075 (4) 


Cll— C12 


1.387 (6) 


Rul— N2 


1.981 (3) 


C12— C13 


1.377 (7) 


Rul— N3 


2.079 (4) 


C12— H12 


0.9300 


Rul— N4 


2.062 (3) 


C13— C14 


1.355 (7) 


Rul— N5 


1.977 (3) 


C13— H13 


0.9300 


Rul— N6 


2.077 (4) 


C14— C15 


1.407 (8) 


Cll— C8 


1.740 (4) 


C14— H14 


0.9300 


C12— C23 


1.732 (4) 


C15— H15 


0.9300 


Nl— CI 


1.333 (6) 


C16— C17 


1.362 (7) 


Nl— C5 


1.371 (5) 


C16— H16 


0.9300 


N2— CIO 


1.350(5) 


C17— C18 


1.392 (6) 


N2— C6 


1.360 (5) 


C17— H17 


0.9300 


N3— CI 5 


1.318 (6) 


C18— C19 


1.381 (6) 


N3— Cll 


1.373 (5) 


C18— H18 


0.9300 


N4— C16 


1.334 (5) 


CI 9— C20 


1.379 (5) 


N4— C20 


1.376 (5) 


C19— H19 


0.9300 


N5— C21 


1.348 (5) 


C20— C21 


1.475 (5) 


N5— C25 


1.361 (5) 


C21— C22 


1.385 (6) 


N6— C30 


1.340 (5) 


C22— C23 


1.380 (6) 


N6— C26 


1.377 (5) 


C22— H22 


0.9300 


CI— C2 


1.380 (7) 


C23— C24 


1.382 (6) 


CI— HI 


0.9300 


C24— C25 


1.387 (5) 


C2— C3 


1.355 (7) 


C24— H24 


0.9300 


C2— H2 


0.9300 


C25— C26 


1.462 (6) 


C3— C4 


1.383 (7) 


C26— C27 


1.393 (6) 


C3— H3 


0.9300 


C27— C28 


1.373 (7) 


C4— C5 


1.398 (6) 


C27— H27 


0.9300 


C4 — H4 


0.9300 


C28— C29 


1.370 (7) 


C5— C6 


1.463 (5) 


C28— H28 


0.9300 


C6— C7 


1.385 (6) 


C29— C30 


1.396 (7) 


C7— C8 


1.380 (6) 


C29— H29 


0.9300 


C7— H7 


0.9300 


C30— H30 


0.9300 


C8— C9 


1.386 (6) 


01— H1A 


0.8501 


C9— CIO 


1.394 (6) 


01— H1B 


0.8500 


C9— H9 


0.9299 


02— H2A 


0.8500 


CIO— Cll 


1.462 (6) 


02— H2B 


0.8500 


N5— Rul— N2 


179.19(14) 


N3— Cll— C12 


120.9 (4) 


N5— Rul— N4 


78.99 (14) 


N3— Cll— CIO 


115.2 (3) 


N2— Rul— N4 


101.35 (14) 


C12— Cll— CIO 


123.8 (4) 


N5— Rul— Nl 


100.25 (14) 


C13— C12— Cll 


119.4(4) 


N2— Rul— Nl 


79.01 (15) 


C13— C12— H12 


120.3 


N4— Rul— Nl 


92.66 (14) 


Cll— C12— H12 


120.3 


N5— Rul— N6 


78.84 (14) 


C14— C13— C12 


119.6(5) 


N2— Rul— N6 


100.83 (14) 


C14— C13— H13 


120.2 


N4— Rul— N6 


157.79 (12) 


C12— C13— H13 


120.2 
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XT 1 I~> . . 1 XT/T 

Nl — Kill — No 


92.64 (11) 


N5 — Rul — N3 


1 A1 A 1 / 1 /I \ 

102.01 (14) 


xti t~> . . i xto 

N2 — Rul — N3 


no n a 

78.74 (14) 


XT A r> . , 1 XT'? 

N4 — Rul — N3 


o a ao / 1 o\ 

89.93 (12) 


XT 1 r> . . 1 XT'? 

Nl — Kill — N3 


i rn /zo / 1 1\ 

157.68 (12) 


XTzl r> . . 1 XT'? 

N6 — Rul — N3 


93.28 (14) 


LI — N 1 — C5 


1 1 O O /.I \ 

118.3 (4) 


p i XT 1 f) , , 1 

CI — Nl — Rul 


1 1 O A /1 \ 

128.0 (3) 


p c XT 1 "D 1 

C:> — N 1 — Kill 


113.5 (3) 


pi a XT'"? f " f- 

CIO — N2 — Co 


ill A /I \ 

122.0 (3) 


CIO — N2 — Rul 


1 1 A 1 PI \ 

119.2 (3) 


c • s- xti D , , i 

Co — N2 — Rul 


1 1 O O /I \ 

118.8 (3) 


C15 — JN3 — Cll 


1 1 o -7 //I \ 

118. / (4) 


1 C TVTT Tl 1 

C15 — N3 — Rul 


127.5 (3) 


pi 1 XT'? D . . 1 

Cll — N3 — Rul 


1 1 1 H /I \ 

113.7 (3) 


C • i p XT/I pin 

Clo — N4 — C20 


1 1 i i //I \ 

117.2 (4) 


Clo — N4 — Kill 


no i /i\ 

lzo.3 (3) 


pi^A XT/1 T? 1 

C20 — N4 — Rul 


114.4 (3) 


p^i XTC POf 

C2 1 — N 5 — C25 


111 C /"?\ 

121.5 (3) 


PT1 XTC r> . . 1 

C21 — N5 — Rul 


1 1 A 1 /I \ 

119.3 (3) 


PIC XTC r> . . 1 

C25 — N5 — Rul 


i i n i /">\ 

119.2 (3) 


p ~y pv \t/" p ^ p 

C30 — N6 — C26 


1 1 O C / /I \ 

118.5 (4) 


pop* \tp n 1 

C30 — N6 — Rul 


in c pi \ 

127.5 (3) 


r~\ p XTP" T> 1 

C26 — N6 — Rul 


1 1 1 n pi \ 

H3.9 (3) 


XT 1 P 1 p--> 

Nl — CI — Cz 


in a / a \ 

122.9 (4) 


XT 1 P 1 T T 1 

Nl — CI — HI 


118.5 


P 1 P 1 T T 1 

C2 — CI — HI 


118.5 


p p -> p 1 

C3 — C2 — C 1 


1 1 A P /C\ 

119.6 (5) 


r~"i t~'l tjo 
C3 — C2 — Hz 


1 oa o 
lzO.Z 


CI — C2 — H2 


120.2 


P 1 P 1 P /I 

C2 — C3 — C4 


119.3 (4) 


PO p ") TTO 

Cz — C3 — H3 


1 1A /I 

120.4 


p /| pi XT'? 

C4 — C3 — Hi 


120.4 


P 1 P /I P c 

C3 — C4 — C5 


1 1 A A / A\ 

119.4 (4) 


P 1 p /] TT y| 

C3 — C4 — H4 


1 1A 1 

120.3 


C5 — C4 — H4 


1 1A 1 

120.3 


N 1 — CD — C4 


1 OA C ( A\ 

120.3 (4J 


N 1 — C5 — Co 


1 1 C A / A\ 

115.4 (4) 


P /I P C P P" 

C4 — C5 — Co 


11/1 1 / ^ \ 

124.1 (4) 


p p PT 

N2 — Co — C7 


1 1 A A / A\ 

120.0 (4) 


XTI P^ P PC 

N2 — Co — C5 


1 1 1 A /"? \ 

113.0 (3) 


r~*n p p pc 

C7 — Co — C5 


1 n a / /i \ 

127.0 (4) 


Co — C7 — Co 


in n //i \ 

117.9 (4) 


Co — C / — H/ 


in i 


C6— C7— H7 


121.1 


C7— C8— C9 


122.5 (4) 


C7— C8— Cll 


119.4 (3) 


C9— C8— Cll 


118.1 (3) 


C8— C9— CIO 


117.3 (4) 



PH P1/I P1C 

C13 — C14 — C15 


1 1 A 1 /C\ 

119.2 (5) 


C ^ \ ~) pi 1 A TT1/1 

C13 — C14 — H14 


1 1A A 

120.4 


P1C P1/1 TT1/I 

C15 — C14 — Hl4 


1 1A A 

120.4 


XT'? P 1 C P 1 A 

N3 — C15 — C14 


1 11 1 /C\ 

122.1 (5) 


XT'? P'" 1 c TT1 C 

N3 — C15 — HI 5 


1 1 n a 

119.0 


P 1 /I P 1 C T T 1 C 

C14 — C15 — H15 


119.0 


XT /I p " 1 / PIT 

N4 — C16 — C17 


111 f P A \ 

123.6 (4) 


XT/I P" 1 TT1 

N4 — Clo — HI 6 


1 1 O 1 

118.2 


pn p~> i p tti p 

C17 — Clo — Hlo 


1 1 O 1 

118.2 


P 1 P" P 1 "7 P 1 O 

Clo — C17 — C18 


1 1 A "7 { A\ 

119.7 (4) 


pi /- p 1 *7 un 

Clo — C17 — HI 7 


1 OA 1 

120. 1 


P 1 O P IT TI1 1 

C18 — C17 — H17 


120.1 


p i n pio p*n 

C19 — C18 — C17 


1 n o / /i \ 

117.8 (4) 


r~<iri no ttio 

C19 — C18 — H18 


in 1 
121.1 


P 1 1 P 1 O T T 1 O 

C17 — C18 — H18 


121.1 


P1H P1A pio 

C20 — C 1 9 — C 1 8 


1 1 A O / A \ 

119.8 (4) 


P1A p 1 A TU 1 A 

CzO — C 1 y — H 1 y 


1 OA 1 

120.1 


PIO P1A tt 1 A 

Cl8 — C19 — H19 


1 1A 1 

120.1 


XT/I P1A P1A 

N4 — C20 — C19 


111 O i A\ 

121.8 (4) 


XT/I Plft PI 1 

N 4 — C20 — C2 1 


11/1/1 /I \ 

114.4 (3) 


pm pia pn 

C 1 9 — C20 — C2 1 


111 o {") \ 

123.8 (3) 


XTC PI 1 P11 

N5 — C21 — C22 


1 1 A A / A \ 

120.4 (4) 


XTC P11 PIA 

N5 — C21 — C20 


1 1 1 A /I \ 

112.9 (3) 


P1 1 PI 1 PIA 

Czz — C21 — C20 


i 1/ »7 p /i \ 

126.7 (4) 


pn pii pi 1 
C23 — C22 — C2 1 


1 1 O O / .1 \ 

118.2 (4) 


PIO P11 TT11 

C23 — C22 — H22 


120.9 


/~i i 1 /~in tth 

C2 1 — C22 — H22 


120.9 


P11 P11 PI A 

C22 — C23 — C24 


121.6 (4) 


Czz — Cz3 — Clz 


1 1 O A 

llo. 4 (j) 


pi/i pn pii 

C24 — C23 — C12 


1 1 A A /O \ 

120.0 (3) 


PII PI A PIC 

C23 — C24 — C25 


1 1 O O / /I \ 

118.3 (4) 


PII PI A TTI/i 

C23 — C24 — H24 


1 OA A 

120.9 


P"1f pi /I TJO/1 

Czj — C24 — Hz4 


1 OA A 

12U.9 


XTC PIC PI A 

N5 — C25 — C24 


1 1 A A i A\ 

119.9 (4) 


XTC PIC p 1 p 

N5 — C25 — C26 


1 1 1 A /"? \ 

112.9 (3) 


C24 — C25 — Czo 


1 1 /i\ 

127.1 (3) 


N 6 — Czo — C27 


1 1 A A ( A\ 

120.9 (4) 


N 6 — Czo — C25 


1 1 C 1 /I \ 

115.1 (3) 


pn pi/T pic 

C27 — C26 — C25 


11/1 A / A \ 

124.0 (4) 


pio pi -7 pi/; 

C28 — C27 — C2o 


1 1 A 1 / A\ 

119.1 (4) 


pio pn TTn 

C28 — C27 — H27 


1 1A C 

120.5 


pi/^ pn TTn 

C26 — C27 — H27 


120.5 


pia pio pn 

C29 — C2 8 — C27 


1 i a r i a \ 

120.6 (4) 


rio tjio 
Cz9 — Czo — Hzo 


1 1 A "7 
119. / 


C27— C28— H28 


119.7 


C28— C29— C30 


118.4 (5) 


C28— C29— H29 


120.8 


C30— C29— H29 


120.8 


N6— C30— C29 


122.5 (4) 
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C8— C9— H9 122.3 

CIO— C9— H9 120.4 

N2— CIO— C9 120.2(4) 

N2— CIO— Cll 113.1(3) 

C9— CIO— Cll 126.7(4) 

N5— Rul— Nl— CI 3.0(4) 

N2— Rul— Nl— CI -177.4(4) 

N4— Rul— Nl— CI -76.3 (4) 

N6— Rul— Nl— CI 82.1 (4) 

N3— Rul— Nl— CI -172.6(3) 

N5— Rul— Nl— C5 -176.9 (3) 

N2— Rul— Nl— C5 2.7 (3) 

N4— Rul— Nl— C5 103.8 (3) 

N6— Rul— Nl— C5 -97.8 (3) 

N3— Rul— Nl— C5 7.5 (6) 

N4— Rul— N2— CIO 87.1 (3) 

Nl— Rul— N2— CIO 177.6 (3) 

N6— Rul— N2— CIO -91.8(3) 

N3— Rul— N2— CIO -0.6(3) 

N4— Rul— N2— C6 -93.2 (3) 

Nl— Rul— N2— C6 -2.7 (3) 

N6— Rul— N2— C6 87.9 (3) 

N3— Rul— N2— C6 179.1 (3) 

N5— Rul— N3— C15 -1.5 (4) 

N2— Rul— N3— C15 178.8(4) 

N4— Rul— N3— C15 77.2 (4) 

Nl— Rul— N3— C15 174.1 (4) 

N6— Rul— N3— C15 -80.8 (4) 

N5— Rul— N3— Cll -177.8(3) 

N2— Rul— N3— Cll 2.5 (3) 

N4— Rul— N3— Cll -99.1(3) 

Nl— Rul— N3— Cll -2.3(5) 

N6— Rul— N3— Cll 102.9(3) 

N5— Rul— N4— C16 175.6 (4) 

N2— Rul— N4— C16 -5.1 (4) 

Nl— Rul— N4— C16 -84.4 (4) 

N6— Rul— N4— C16 171.9(4) 

N3— Rul— N4— C16 73.4(4) 

N5— Rul— N4— C20 0.1 (3) 

N2— Rul— N4— C20 179.4 (3) 

Nl— Rul— N4— C20 100.0 (3) 

N6— Rul— N4— C20 -3.6 (5) 

N3— Rul— N4— C20 -102.1 (3) 

N4— Rul— N5— C21 1.1 (3) 

Nl— Rul— N5— C21 -89.6(3) 

N6— Rul— N5— C21 179.7(3) 

N3— Rul— N5— C21 88.7 (3) 

N4— Rul— N5— C25 -178.9 (3) 



N6— C30— H30 118.8 

C29— C30— H30 118.8 

H1A— 01— H1B 109.5 

H2A— 02— H2B 109.5 

C4— C5— C6— C7 1.6(6) 

N2— C6— C7— C8 0.9 (5) 

C5— C6— C7— C8 178.4 (4) 

C6— C7— C8— C9 -0.3 (6) 

C6— C7— C8— Cll 179.6 (3) 

C7— C8— C9— CIO -0.8 (6) 

Cll— C8— C9— CIO 179.3 (3) 

C6— N2— CIO— C9 -0.8 (6) 

Rul— N2— CIO— C9 178.8 (3) 

C6— N2— CIO— Cll 179.0(3) 

Rul— N2— CIO— Cll -1-3(5) 

C8— C9— CIO— N2 1.4(5) 

C8— C9— CIO— Cll -178.4(4) 

C15— N3— Cll— C12 -2.5 (6) 

Rul— N3— Cll— C12 174.2(3) 

C15— N3— Cll— CIO 179.4(4) 

Rul— N3— Cll— CIO -3.9(4) 

N2— CIO— Cll— N3 3.5(5) 

C9— CIO— Cll— N3 -176.7(4) 

N2— CIO— Cll— C12 -174.6(4) 

C9— CIO— Cll— C12 5.2(6) 

N3— Cll— C12— C13 0.0(6) 

CIO— Cll— C12— C13 178.0(4) 

Cll— C12— C13— C14 1.1 (7) 

CI 2— CI 3— CI 4— C15 0.2 (8) 

Cll— N3— C15— C14 3.9(7) 

Rul— N3— C15— C14 -172.3 (4) 

C13— C14— C15— N3 -2.8(8) 

C20— N4— C 1 6— C 17 0.6 (6) 

Rul— N4— C16— C17 -174.8 (4) 

N4— CI 6— CI 7— C18 -0.8 (8) 

C16— C17— C18— C19 -0.8(7) 

C17— C18— C19— C20 2.4(6) 

C 1 6— N4— C20— C 19 1 . 1 (5) 

Rul— N4— C20— C19 177.1 (3) 

C16— N4— C20— C21 -177.3(3) 

Rul— N4— C20— C2 1 -1 .2 (4) 

C 1 8— C 1 9— C20— N4 -2.6 (6) 

C18— C19— C20— C21 175.5(4) 

C25— N5— C21— C22 -3.3 (6) 

Rul— N5— C21— C22 176.7 (3) 

C25— N5— C21— C20 178.0 (3) 

Rul— N5— C21— C20 -2.1 (5) 
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supplementary materials 



XT1 r> . . 1 XTC POf 

JN1 — Kill — JN5 — C25 


90.3 (3) 


XT/1 /"1A ^~1^ 1 TvTC 

N4 — C20 — C21 — JN5 




1 1 /C\ 

2.1 (5) 


N6 — Rul — N5 — C25 


-0.3 (3) 


CI 9— C20— C21— N5 




in/; ^ / A\ 

-176.2 (4) 


XT'} T~l . , 1 \Tf f ' ^ Z 

N3 — Rul — N5 — C25 


—91.4 (3) 


N4— C20— C21— C22 




1 H £ £ f A\ 

—176.6 (4) 


N 5 — Ru 1 — N 6 — C3 0 


1 HC\ H ( A\ 

-179.7 (4) 


CI 9— C20— C21— C22 




5.1 (6) 


XT'"! T~l . , 1 \t/" (~ ' ~) l\ 

JN 2 — Ru 1 — JN 6 — C J 0 


1 1 / A \ 

1.1 (4) 


N5— C21— C22— C23 




3.5 (6) 


N 4 — Ru 1 — N 6 — C3 0 


-176.0 (3) 


C20— C21— C22— C23 




1 TO A i A\ 

-178.0 (4) 


N 1 — Rul — N6 — C30 


OA A / A \ 

80.4 (4) 


C21— C22— C23— C24 


-1.2 (6) 


XT'} ri . , i xtz: nn 

N J — Ru 1 — JN 6 — C3 0 


no 1 /"}\ 

-78.1 (3) 


C21— C22— C23— C12 




179.6 (3) 


XTC D ■ ■ 1 XT/C /"'OiC 

JN j — Ru 1 — JN o — C2o 


—0.3 (3) 


C22— C23— C24— C25 




-1.3 (6) 


N 2 — Ru 1 — N 6 — C2 6 


1 C /"} \ 

-179.5 (3) 


Cl2— C23— C24— C25 




1 nn a /"? \ 

177.9 (3) 


XT/I Fl . . 1 \T/; /~<0^ 

N 4 — Ru 1 — N 6 — C2 6 


3.4 (6) 


C21— N5— C25— C24 




0.7 (6) 


XT1 D . . 1 XTzT 1~*"t£ 

JN 1 — Ru 1 — N 6 — C26 


1 A A **i /'J \ 

-100.2 (3) 


Rul— N5— C25— C24 




-179.2 (3) 


XT'} D , ■ 1 XT^ r ^ /. 

JN 3 — Ru 1 — JN 6 — C2o 


101.3 (3 J 


C21— N5— C25— C26 




— 1 /9.2 (3) 


C 5 — N 1 — C 1 — C2 


A A \ 

0.9 (6) 


Rul— N5— C25— C26 




0.8 (4) 


Rul — Nl — CI — C2 


-179.0 (3) 


C23— C24— C25— N5 




1 c /c\ 

1.5 (5) 


XT1 /"* 1 f~"~) /""} 

N 1 — CI — C2 — C3 


0.4 (7) 


C23— C24— C25— C26 


1 TO £ { A \ 

-178.6 (4) 


C 1 — C2 — C3 — C4 


-1.3 (6) 


C30— N6— C26— C27 




1 1 ( c\ 

-1.1 (6) 


C2 — C3 — C4 — C5 


A A f £\ 

0.9 (6) 


Rul— N6— C26— C27 




179.4 (3) 


f • i XT1 c A 

CI — Nl — C5 — C4 


-1.3 (6) 


C30— N6— C26— C25 




1 "7 A "7 /") \ 

-179.7 (3) 


T) , , 1 XT1 /"If /"< A 

Ru 1 — N 1 — C 5 — C4 


178.6 (3) 


Rul— N6— C26— C25 




0.8 (4) 


C ' 1 XT 1 C /"< /T 

CI — JN 1 — C5 — Co 


1 / /.o (3) 


N5— C25— C26— N6 




-1.1 (5) 


T> 1 XT1 /"' C f " / 

Rul — Nl — C5 — C6 


-2.4 (4) 


C24— C25— C26— N6 




179.0 (4) 


C3 — C4 — C5 — N 1 


0.4 (6) 


N5— C25— C26— C27 




-179.6 (4) 


C3 — C4 — C5 — Co 


1 TO C //I \ 

-178.5 (4) 


C24— C25— C26— C27 




0.5 (6) 


pin XT'") t~*C C~*H 

C 1 0 — JN 2 — C o — C / 


-0.3 (6) 


N6— C26— C27— C28 




0.6 (o) 


T?n1 M? Pfi P7 
XVU1 INZ v^D \^ 1 


1 so n ck \ 


C25— C26— C27— C28 




1 7Q 1 (A\ 


CIO— N2— C6— C5 


-178.2 (4) 


C26— C27— C28— C29 




0.4 (7) 


Rul— N2— C6— C5 


2.2 (4) 


C27— C28— C29— C30 




-0.8 (7) 


Nl— C5— C6— N2 


0.3 (5) 


C26— N6— C30— C29 




0.7 (6) 


C4— C5— C6— N2 


179.2 (4) 


Rul— N6— C30— C29 




-179.9(3) 


Nl— C5— C6— C7 


-177.3 (4) 


C28— C29— C30— N6 




0.3 (7) 


Hydrogen-bond geometry (A, °) 


D—R-A 


D — H U-A 


D-A 


D—R-A 


C4— H4-C14 


0.93 


2.68 


3.590 (5) 


169 


C12— H12-02' 


0.93 


2.57 


3.391 (6) 


148 


C15— H15-01 a 


0.93 


2.48 


3.179 (7) 


132 


C16— H16-C14 ffi 


0.93 


2.81 


3.498 (5) 


132 


C27— H27-01 iv 


0.93 


2.60 


3.474 (7) 


158 


C28— H28-C14 1V 


0.93 


2.82 


3.686 (4) 


156 


C30— H30-O2" 


0.93 


2.54 


3.203 (6) 


128 


01— HL4-C14 


0.85 


2.76 


3.231 (5) 


116 


01— H15-C14 v 


0.85 


2.68 


3.176 (4) 


118 


02— HZ4-C13 


0.85 


2.51 


3.156(4) 


133 


02— H2S-C13" 


0.85 


2.58 


3.209 (4) 


132 



Symmetry codes: (i) -x+ J/2, yf 1/2, zf 1/2; (ii) -x+1, -jH-1, z+1/2; (iii) x~V2, -y+312, z; (iv) -x+3/2, y-1/2, z+1/2; (v) x+1/2, -y+3/2, z; (vi) x-1/2, 
-y+1/2, z. 
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